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ABSTRACT 

This exercise is designed to correct the impression 
of many students that scientific facts are unchanging. Every 
scientific fact has a history and its history shapes the form which 
the fact takes in a textbook. Thus, the history of the octet rule is 
traced to show that scientific knowledge is not a cast iron set of 
facts but rather a fluid body of information shaped by the people who 
use it for specific purposes. The exercise consists of a reading and 
a set of discussion questions.. The questions can be answered by 
students or could form the basis for a class discussion about the 
issues raised. It is suggested that the exercise be used after the 
legson on the octet rule and Lewis dot structures. (JN) 
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-We do not dare to tell our students that Dal ton s 
maoni+icent construction o+ the atomic theory was made 
possible by his deliberate adjustment of certain experimental 
results to -fit his theory, since this would impugn the 
alledoed empirical -foundation o-f his atomic theory. ...In a 
debate of not too long ago , a sci ent i + i c col 1 eague argued 
that it was -for this very reason that teachers of science 
would -be well advised. not to use accurate, h i story . He also 
asked whether it would be an -edi f y i n9>- exampl e" f or our 
students to learn that Paul i discovered one of the most 
important principles of modern physics (the •'^elusion 
principle) while relaxing at a "girly show" m Copenhagen. 
The answer should be, of .course, that we must dec i de whether 
we wish our^ students to become perfect models of what 
textbook writers envisage science and ) sc i en t i sts to be, or 
whether we wish them to be Dal tons or Paul is." 

I. Bernard Gohen H i story and the Philosopher of Science" in 
Thg Structure of Scientific Theor i es . ed i ted by Frederich ^ 
SuppeCUniv. of Illinois Press , 1 974) p . 341 . 
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A NOTE TO TEACHERS 



This work is designed to introduce students in an 
introductory chemistry class to a number o+ features about 
scienti-fic knowledge that are seldom men^tioned in 4 chemistry 
Jfiss. Our purpole is several ^ °t ^ 

seeking to correct the impression o-f many students that 
scienti-fic -facts are unchanging. Every scienti-fic -fact has a 
history and its history shapes the -form which the +act takes 
in a textbook. In this case, the octet rule and the shared 
pair bond were born in association with :i speci + ic atomic 
"model, the cubic'al atom, and the notation, still used today, 
connected with the theory had a speci+ic meaning in terms of 
that model. Here we trace the evoluti^Dn o+ the octet rule 
and the shared pair bond to its present textbool< +orm. 
Secondly, this study shows how personal i t i es can en ter i n to 
the scienti-fic process and< change the course o-f scienti-fic 
thinking. The role o+ models is demonstrated. 7°'^ J^^^^J^' ' ^ 
can be seen that theoretical preconceptions can alter the way 
one thinks about scientific problems. ^qience does^ not 
always work from' the data to the tlieory. ^'^f ter work ing 
through this study, we hope the student will ^ave a clearer 
view o+ the way science works and a less naive attitude about 
the nature o-f scienti-fic knowledge. fha 
We envision that th is^- work woul d be used a-f ter the 
lesion on the octet rule and/ewis dot structures. There_are 
discussion questions which /^et at our major points and these 
could be answered by the students and could +orm the basis 
>or a period o+ class discussion about the issues the study 
raises. 



"CUBES, EIGHTS AND DOTS 

The purpose o-f this paper is in some ways simple and 
som« ways complex. In a ^glcal chemi stry textbook you read 
about chemical facts' a|j^H em sol v i ng strategies; little 
is said about wh«re ttJOHEts come from or how they evolved 
into the form which' yoJ^BM| the textbook. The impression 
one gets is that the facts^HB no history and that they 
orginially took the f orm' wh i cSr^you see in the -textbook . Th i s 
is seldom the case because fjjst of the facts that you learn 
have a rich history, and thj^ have ungone a long evolution to 
reach their present form. This form is generally easy to 
understand, remember ,° and simpU for the beginning student to 
use. Such facts are the same in all textbooks. They have . 
been reshaped by the chemists and teachers to become tools of 
instruction and calculation. Borrowing a phrase which is 
sometimes used by philosphers of science, ^we will call these 
kinds of facts «i'tandardi zed facts . Our purpose ^her^e is 

to take one such standard^ fac t , the octet rule, and examine 

....... 

its history. We wish to demonstrate that scientific 

knowledge is not a cast iron set of facts but, rather a fluid 
body of information shaped by the people' wh6 use it for 
specific purposes. , % 

If you look up 'octet rule' in your textbook, you will 
probably find a short 'statement attributing the rule to the 
American chemist, G.N. Lewis, and then you i^i 11 find a 
statement of the rule which goes something like this: "Atoms 
by sharing eVectrons to form an electron pa4r bond can 



ERIC 



acquire a stabl. noble-gas struc ture (Master ton 
.4. .1 ,rh> fT>ira1 Ppin riniPs.AI ternate -Edi tioji,2nd 
ed.,p.l85). Remember that .the stable noble-gas structure 
involves a valence configuration oi e'ight electrons. ^ 
Following the statement o-f the rule, you are introduced to 
the dot formula representation for the valence electrons in 
atoms and instructed in how to wr i te - dot struc tures for 
molecules, usually by following a set of directions to ensure 
that the correct formula is written. Next some examples are 
given in the use of the rules to predict bonding structure in 
molecules, and then you are invited to practice writing 
structures yourself. Some space is usually given over to 
exceptions to the rule which are taken as an indication of 
the lack of its validity in every case. In what follows, we 
will examine the history of the octet rule and Irace its 
evoluti^on in the work of G.N.Lewis', the chemist whxi is most 
often identified as its originator. 

Uhile Lewis first published the octet rule in 1916 
(Lewi s, 1916) , its origins go back much further. They are 
firmly rooted in Lewis's very original (and in our minds 
unusual) notion of the structure of the cubical atom. A page 
from his notebooks, dated 1902, is shown , i n Figure 1. Here he 
conceived of the atoms of the first three rows of the 
periodic chart .as cubes with the electrons occupying 
places in the corners of the cube. Thus the structure of Li 
.is Shown with Just one electron- in the corner of the cube, 
the other posi t i ons be i ng vacant; the innner electrons, as 
Lewis speculated, were thought to reside in smaller cubes 



in«id« the 'valence cube'. (Note, at the time Lewis thought 
that helium had a completed cube o-f eight electrons; the 
evidence showing He had only two electrons had not yet been 
discovered). The special role o-f eight in the 
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Figure 1. A page +rom Lewis's 1902 notebook showing his early, 
cubical atoms. 

theory o-f molecules was not one o+ Lewis's discoveries, but 
explaining it in terms o-f the electronic structure o-f atoms 
in cubical +orm was his novel idea. As the notebook shows, 
Lewis was trying to explain the bonding in ionic compounds. 
Thus, -for NaCl sodium loses an electron . to complete the octet 
o-f the -chlorine atom (see Figure 1.). This leaves both, the Na 
and CI with completed octets, and hence in a stable 
con-figuration. . 



-While the cubical atom may seem naive. to you, you 
mu^remember that what you read i ft your textbook or hear in 
class^is the ^esul t o-f the work o-f many chemists and 
physicists, much o-f which was done in the decades after 1902. 
The prevailing valence theory o-f the time was called the, 
electrochemical theory. Basically, it assumed that chemical 
the result" o-f complete trans+er o-f electrons from 
one atom to another. The molecule was then held together by 
the attraction o-f u'nl i ke charges . Th is theory worked well 
for compounds that were ionic but ran into problems with 
covalent compounds like methane or carbon dioxide. This 
difficulty or anomaly, as they are now called, led some 
researchers to propose a dualist theory i n wh i ch two distinct 
kinds o-f chemical union, one for ionic and one for, covalent 
compounds, were said to exist. Lewis himself held a dualist 
view prior to his 1916 work. Dualisms in science are very 
unsatisfactory because rather than giving one solution to an 
anomaly, they make a virtue out of a vice by allowing t^o 
incompatible answers to be accepted as solutions. 

Lewis did very little with his cubical atom' until 
shortly before his paper in 1916. Others workers had been 
puzzling over the problem of explaining bonding in molecules. 
Many attempts were made 'to arrive at a theory that would use 
the recent discovery of the electron to explain the existence 
of ionic compounds as those compounds which transfer 
• electrons from one atcim to another to form completed octets. 
Also^the theory had to explain the existence of what we now 
/c^U covalent substances, like molecular hydrogen, where 

' 8 



^ V 



th»r« is no apparent charge separation in the molecule. Lewis 
was certainly aware o+ the work being done by others in the 
field of valence and there can be little doubt that their 
ideas helped inspire Lewis to think on the same problems. One 
o-f Lewis's great achievements was to create a specific visual 

m 

model of the atom as a cube or series of nested cubes which 
placed the electrons in specific places in space. Thus the 
notebook page of 1902 became transformed into the atoms 
depicted in his 1916 paper (See Figure 2). 



/ 









B« 



B 



yt ^ 4^ 4^ 



N 



Figure 2.Cubical atoms of the first row of eight in the 
periodic chart (Lewi s, 191 6) . • 

The importance of visual models is that they condense 
a great deal of information into a form wh i cli someone can 
•asily grasp and use. For example; consider how quickly you 
can grasp the real t i onsh i ps of distance by mere 1 y ' 1 ook i ng at 
a road map or consider how easily you can plan many alternate 
ways to reach your destination. Science textbooks contain 
many diagrams, pictures and model^ because most people find 
them ^extremely useful in organizing and memorizing 
information. Moreover ,' most people feel that they have a 
deeper understanding of how something works when they can 
visualize or "see wi th the mind's eye" how< processes 
interact. A famous example is. picturing the ideal gas in 
terms of bouncing billard balls.. Visual models, therefore, 



• ^ ^..apifitv o-f information 
do thr.. things! (Dth.y orsan.r. a quantity of 

,„ a .,.PV. *o^, <2, thex ar. use.u, too, s .or prediction or 
.or plannin, further research and (3> they ,ive us a deeper 
sense of comprehending --hat IS 90in9 on. . - ^ 

Th. cubical atom ^.s one of those powerful visual ^ 
models Which advanced Chemical understanding. Ionic 
cOKpouods UK. MaCl can explained as a matter of course as 
been noted above. Th. really importanN and novel insight 
that Lewis had cL, in the e.planati.on of such molecules as 

molecular hydrogen, lod.ne and a host o 

• • U4. w<»r» uie see a picture o-f 
.'Figure 3 illustrates this .ns.ght. Here uie see 

the -formation o-f molecular 
iodine I 2 • The electrons 
on edge can be shared 
between the two iodine 

f ' 
atoms to / 

Pi cure 3 Formation o-f 
simultaneously complete molecular iodine. 

both octet.. Because each <Lewis,1916) 

iodine atom now has eight el ectrons -around it, they satisfy 
.Hat Lewis called the 'rule o. eight' by forming an electron 
' p.i. bond. The cubical atom.theory allows us to picture and 
to understand Lewis's new idea o. -an electron pair bond. 

4.^^ anri the concept o-f the sharing 
With the cubicaT atom and the concep 

of electrons to complete the octet, the structure of both 

,onic and coval.nt compounds <jOuld be understood in one 

comprehensive theory. In the case of NaCl . an ionic 

. expound, the transfer of the electron to finish the octet . 

complete, but in a covalent molecule li.e Id there was 
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Figure 4. The double bond in 
molecular oxygen. 
(Lewis, l^'li) 



no complete transfer oi electrons, merely a sharing which 
satisfies tJie rule oi eight. The central idea could be taken 
further to explain the structure of molecular oxygen Oj- 
.Here ea^h 0 atom is deficient in 2 electrons to complete the 
octet; thus by sharing two electron pairs and forming two 
bonds (making a double b^nd) , the stable eight configurations 
were preserved. This is illustrated in Figure 4. Again the 
power of the cubical atom 

was further shown in the 

1 

case of ammonia NH ^ . The 
N atom has five electrons 
in the valence 
shell, lacking three; thus 
three H's'each with one 
electron to share can complete, the octet. With three 
electron pair bonds taking 6 electrons, this leaves ,^^ir 
that are not involved in bonding. A H+ with no electrons 
can attach to the unbonded. pai r to form the well known 

ammonium ion,NH^ +. 

Today many people would say that the cubical atom is 
too simplistic or that it is too misleading because it makes 
us think of atoms as stable solid "building blocks". To 
judge the past in terms of the way we^think today is the 
historical fallacy of only seeing the present in the past. 
To see the cubical atom in th i s way is to lose all sense of 
what an achievement it was and to fail to see how it promoted 
the growth of chemical knowledge. Ue can sometimes sense the 
fallacy of hindsight overtaking gs -when we start saying to 



ourselves "How silly to see things that way?"', "Why did they ^ 
go off in^ that direction?" or "Why couldn't theV get. th^ 
right answer?" If we begin thinking in that way, we can>o^ 
hope to understand the historical context of oiu; present' . 

knowledge* • » 

While the model of the cubical atom seemed'- to offer 
the key to explaining molecular structure-, it was cumbersome , 
to draw cubes tied tb cubes in so many different ways. This 
must have been obvious- to Lewis because he offered a 
Rotational system, -a chemical shorthand, for repr.esen t i ng the 
molecules shown in Figures 2 to 4. He proposed that the 
chemical symbol in boldface stand for the atom without the 
valence el ectr^ons (the charge on the atom would not be 
expressed but would" be impli(4i. in the notation). Hence the 
electronic kernel of lithium would be Li whjch would have 
a charge of +1 since Li has one valence electron. Be i s 
the Be kernel with a +2 Charge and .so on. Lewis then proposed 
that compounds be expressed in the following way. Lithium 
f luorideCLiF) would be written as LiFEa where Li 
and F are the Li and F. kernels and the E represents 
the valence electron count. ■ ' . ■ \ 

To make this more graph i c and to show how atoms were 
joined together to make molecules Lewis further proposed 
another notation where the same kernel symbol above would be 
used, but the valence electrons would be represented by dots 
Thus the H atom would be H. and the hydrogen molecule 
would then be H:H. The water molecule would be 
-represented as H:0:H.' More subtl ety. coul d be bu i 1 t into 
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this symbolism to express th. ikct that a compound like 
gaseous HCl had a shared el ectron pair which uias more closely 
held to-the Chlorine atom thap to thV w/atom. This unequal 
sharing could be expressed in the notation as H :CJ : or 
in the uiater molecyie it would be H :0: H. Here we have 
the origin, of the. dot structures which you a|?e learning \o 
use in elementary chemistry.. But it must be noted 

H 



H:N:H + H » H:N:H 
H H . 



:0t :0: 



H H 
HiC: :CiH 



Figure 5. ^V*»}^ <^°* 
sti-ucture* of several 



compounds 



the dot structure -for Lewis was only 
a convenient shorthand to depict 
molecules made up o-f cubical atoms. 
Some other examples o-f the use o-f 
the dot structure notation are given 

m Figure 5. 

Lewis's cubical atom worked 
very well -for a 1 arge number of 
compounds' but it failed for some 

examples in organic chemistry. For instance, the compound 
. -acetyl ene<HCCH) appeared to require the format i on of 'three 
electron pair bonds between the two carbons in order to 
satisfy the rule of eight; however there is no way to join 
'two cubes so that they can share three edges to make a tripl 
bond. Thus as Lewis said in the case 
of very small atoms like carbon it 



is necessary vto postulate a 
modif icatioil^of- the cubical atom 
Where the eight electrons are pulled 
.together in p.airs along an edge to 
give a tetrahedral arrangement as 



F^r gure 6. Te trahedral 
atom -from a mpdi-fied 
cube . (Leuii 1916) 



shown in Fi^ur, 6. Now i t is possible for two tetrahedra to 
»h*r» ont.two o.^ thre« corners to give single, double or 
triple bonds as depicted in Figure 7. 
H 





Figure 7. The tetrah.dral darbon atom "fl^tLn^'^B! 
and triple Ifends for the compounds methane <A) , ethyVene <B) 

and acetyl'eneCC) . .■ ' ^. » _ ' 

The r^ule o-f e i gh t al so had what^appeared to" be some 
failures, and Lewis noted exceptions like NOj and ClOj • It 
is not possible to conplete the octet on e i ther the N or the " 
Cl< the dot structure /or NO2 is i5;N:0i). However, 
Lewis regarded these exceptions, which he called odd 
molecules <expressing the fact they had an odd number o-f 
electrons ), as the exceptions that proved the rule. First 
o-f all, odd molecules are -fairly rare when compared to the 
number o-f molecules that have an even number of e1ectron,s and 
ob/y the octet rule. Secondly, these molecules are quite 
reactive and when they do react their products are even 
electron molecules that obey the octet rule. The instability 
and rareness of these substances demonstrated the 
universality of the octet rule for Lewis. ^ 

. After the article's appearance in 1916, very little 
attention was given to Lewis's ideas. Lewis himself turned 
to other pursuits, some brought on by h i s i nv,<^l vemen t in work 
related to World War I-. Other scientists were not impressed 
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or did<iot understand ^the tremendous explanatory power o-f the 
octet rule and the shared pair bond. I-f this lack o-f 
recognition had continued, you probably would. not be studying 
the dot notation now. It would have died unrecognized as so . 
many chemical -facts do. This was not to be the -fate o-f 
Lewis's work, however, because Irving Langmu i r , ^another 
'•famous American chemist, was puzzling over the theory o-f the 
structuX. o-f molecules. He +ound Lewis's ideas very power + ul 
in explaining a 1 arge range o-f phenomena. Langmuir 
communicated his understanding o-f the octet rule and the 
shared pair bond in a long paper that appeared in Ihe 
Journal o-f the American' Che mical Society in 1919 
(Langmuir, 1919). He cited the paper o+ Lewis as being very 
important and proceeded to el aborate on Lewis's ideas/and 
apply them to a wide range o-f substances. , . 

f It is interesting to see what , Langmu i r did with 
.Lewis's work. Like Lew i s , .Langmu i r took the cubical atom' as 
thoroughly real. It was ntt a Miction. Atoms were cubical. 
Figure 8 shows some o+ Langmu ir's constructions o+ the oxides 
o+ nitrogen. Secondly, Langmuir attempted a much more 
rigorous deductive presentation o-f the "octet rule" <a 
catchphrase which replaced what Lewis called the "rule o-f 
eight-). In contrast to the tersely written but more, intuitive 
arguments o+ Lewis, Langmuir, in his 1919 paper, had eleven 
postulates -which described the arrangement o+ the electrons 
in the atom and the stability o+ certain outej? electron 
arrangements.. His work followed the model o+ Euclidean 
, geometry in presenting postulates, proo+s and . der i yat i ons. 

15 



He derived a •formula 

e » 3n - 2p < 1 > 
uiher* 2. is total number o-f valence electrons in a 
molecule, n is the number o^ octe'ts formed and a i ^ 
the number oi electron pair bonds in the molecule. He then 
prbceeded.to use the postulates and his equation ^1) to 
determine the structure and properties o. various molecules. 




AS just one exampleT^ take, the nitrogen molecule «h i ch ^ 

- has tu,o octets to complete in the tu.o nitrogen atoms<n-2) and 
has 10 valence el ectrons<e=10) . Langmuir's equation then 
yields p-3 or three electron pair bonds. Langmuir's 
conceptual attachment to the cubical atom and stability o-f a 
structure u.h i ch had 8 electrons in the corners resulted in a 
, rather curious picture for the nitrog'en mol ecu 1 e . N i trogen is 
exceptionally unreactive so Langmuir assumed that there must ' 
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b» an unusual cubical arrangement o-f 8 electrons to explain 

this +act. However, there i.ere 10 valence electrons and a 

necessity for 3 shared pairs. Given these constraints, 

Langmuir postulated the strycture shown in 

Figure 9. The bl acK dots are the 

nitrogen kernels, the ^''shared 

electrons in pairs are inside the 

the outer completed octet which ^..in'* 

Figure 9. Langmuir s » 

evidently was to give the mol ecul e. n i trog«rn molecule. 

(Langmu I r , 191>'? 

i'ts stabi 1 i ty ' \ 

i Nowhere in Langmuir's paper does the Lewis dot 

structure appear; consequently, the result is a much more 
mathematical and logical presentation o-F the octet rule and 
the electron pair bond. Langmiiir was also able to cVrelate 
electronic structure o-f mol ec^l e^wi th their properties and 
noticed that molecules with simi 1 ar bondi ng had similar^ 
Chemical properties. For instance, both COg^ndH^ have 
triple bonds. Langmuir noted that, "the physical properties 
o-F these two. gases are identical almost within. the probable 
limits o-f experimental error" (Langmu i r , 1919) and proved so by 
a table o-f properties. All in all, the paper was an 
impressive displa>>.-^f the validity o-f the concepts that Lewis 

had published in 1916. 

One paper such as Langmuir's would not be enough to 
insure that the octet rule would live on. Rather what made 
the dif-ference was Langmuir's personal eny««.iasm for what he 
had rediscovered in Lewis's earlier work. In three short 
years Langmuir published 12 papers detailing his applications 

17 
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0-f the octet rule and he gave numerous popular lectures both 

in the United Stktes and in England. The volume o+ material 

and the wide audience Langmuir generated, along with the fact 

that Langmuir was held in^igh esteem by the chem^ical 

community and was a dynamic and popular lecturer, resulted in 

immediate acceptance of the octet rule. It is quite clear 

that it was the -force of Langmuir's personality and 

reputation rather than a real crisis in chemi-caV bonding 

theory that resulted in the octet "rule and the shared 

electron pair bJfc^oming th^- predomi nent valence theory, 

In fact, langmuir's^ppesentation wis so.forcejful that 

the theory begaa 'to be known as the the Lewi s-Langmu i r theory 

pr sometimes just 'Langmuir's theory' despite the/a^t that 

Langmuir added noth i ng new- to the concepts that Lewis had 

phesented in 1916. Langmuir's success and acclaim j^s 

ultimately a source of irritation to Lewis. Lewis wrote' 

later to W.A.Noyes<Kohl er, 1974) 

Perhaps I am inclined to be too caustic in this 
matter, but I really do feel that while people were 
justified in being carried away a bi t by Langmuir s 
personal charm and enthusiasm some years ago, to 
persist, as they do in England, in speaking of the 
Langmuir theory of valence is inexcusable. ^ 

Langmuir 's success was probably the prod for Lewis to once 
again' return to valence theory by publishing a monograph 
entitled UaI pnce an d thP Structure of Atom<^ and Molecules 
' in 1923 (Lewis, 1923) . this work was wi^ly read and 
frequently used as a textbook. 

By 1923, the worK of the. Danish physicist Neils Bohr 
and others had made the concept of a static cubical atom 
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unt»nabl»,. Their work showed that the electrons in an atom 
must be in motion and could not occupy -fixed positions in 
space. Fixed static atoms in the shape o-f bu i 1 di ng- b1 ocks 
could not be "real". Thus, in his monograph Lewis mentions 
the cubi car atom only as an historical -fact. He no longer 
claimed that atoms were really cubes. Instead, he attempted 
to. rationalize the apparent -fixed positions o-f electrons in 
chemcial iDonds as'the average posi t i on o-f the dynamical 
electron.. Al though , Lewi s tended toward an atomic structure 
that placed the electron pairs at the corners o-f a 
tetrahedron, this concept was mentioned on 1 y br i e-f 1 y and did 
not play an important; role in his exposition o-f the octet 
rul e . 

With so inany changes i n his original idea, you may 
wonder why Lewis's book was widely praised and used. Clearly 
the cubical atom was out, but something more important was 
per^manently in the minds o-f chemists; namely the dot notation 
and the octet rule. In h i s book , Lewis leaned heavily on his 
dot structure n;otation to explain the bonding in molecules. 
He stated the octet rule in a -form -familiar to you 
< Lew i s, 1923) . 

Two atoms may con-form to the rule o-f eight, or octet 
rule, not only by the trans-fer o-f electrons -from one 
atom to another, but also by sharing one or more 
pairs of electrons. These electrons which are held 
in common by two atoms may be considered to belong 
to the outer shells o-f both atoms. 

Lewis's book showed others how to apply the rule to solving 

problems, just as you have done. Thus by applying the rule 

to the nitrate ion NO-3 he was able to show that it had a 
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double bond betu^eert one of the nitrogen's and an oxygen 



:0:N: :0: 
:0: 



It is interesting to compare Lewis's treatment o^ the 
nitrogen molecule with that of Langmuir. Lewis no longer 
tried to depict the atoms as cubical and instead relied on 
his dot notation. Thus. n i trogen now became :N:::N:. Many oi 
the e^les in his book are the same ones used in his 1916 
paper, although there are new ones introduced. Some o-f the,, 
structures from Lewis's book appear in Figure 10. It shouUd 
be noted too that Lewis did ^ot use Langmuir's formula 
(Equation <1)) in his book, pr ef err i ng nstead to (rely on the 
visually effective dot notation to complete the electron 
■counts about the atoms in a molecule. 
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Figure 10. Various compounds whose electronic structure 
satisfies the octet rule. (Lewis 1923) 

By the time Lewis's book had appeared, the chemcial 
community, through the popularising figure of Langmuir, was 
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ready to accept the valence theory that L^i s had created. 
It became a widely read text not only -for chemists but +or 
students o-f chemistry as well. Indeed it was the definitive 
text on valence until the work o+ Linus Paul i ng appeared in 
the 1930's. 

To summarize, Lewis took the dot notation and the 
octet rule, which were -formerly a part o-f an abstract and 
controversial theory about the nature o-f atoms and 
transformed them into tools ior solving problems. He created 
a standardized -fact by detaching the octet rule and the dot 
notation from their theoretical context and placing them in a 
more use+ul and practical role. To understand the importance 
o+ this, you merely need to re+lect upon how it is possible 
•for you or any beginning student to learn science. You 
obviously can't begin by studying the most complicated new 
theories. One must work their waty up to that. Every student 
o+ science begins by mastering concepts which can be applied 
in problems with known solutions. ' You are learning what is 
sometimes called "normal science" which consists o+ the 
standardized +acts. organ i zed ' i n textbook +orm. These +acts 
carry along only hints or shadows o-f their original 
beginnings. Perhaps you may have asked yourseW why we use 
the dot notation. Working backwards +rom standadized +ac.ts 
you will +ind the discarded theories. And i+ you were to 
work forward +rom standardized +acts, what would you +ind? 
Theories again and problems and experiments to which no 
answers are certain. Science on its creative edge is 
potentially revolutionary science. It i nvol ves -f ree use o-f 
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th« imagination in much the same way. that Lewis imagined the 
^cubical atom and, o+ course, it requires a mastery o+ 
standardized +acts. Science as it appears i n tex tbook^ and 
science as it is practiced by researchers into the unknown 
are two di+ + erent things. Pro-fessor Gerald Hoi ton o-f Harvard 
University once suggested that we call the former Scienc"e I 
and the latter Science II. Since most o+ us will never do 
Science II, we put our energies into 1 earn i ng Sc i ence I , but 
as we hV«^e seen Science II is historically behind and 
underneath the 'standard! zed +acts we learn about in Science 

I . 

In this case study ydu have encountered some 
characteristics which are generally true o-f the creative 
advance o+ science. First ther^ is a h i gh premium placed 
upon being ^irst to cojne up with a solution to a tough 
problem! Research is competitive and this leads to personal 
disputes like the Lewi s-Langmu i r controversy. Many people 
+ind this hard to accept because they believe the myth that 
science is purely objective and hence all scientists must be^ 
in complete agreement. This myth results +rom con+using 
/Science I with Science II. There is universal agreement 
( about the standardized +acts in Science I but in Science II 
t*e new ideas are being forged, and there is much 
disagreement about which new ideas are the right ones. 

Secondly, we saw that Lewis was -flexible in his 
thinking. He proposed the cubical atom, changed his mind in 
proposing the tetrahedral model and ultimately accepted a 
dynamic planetary model. Perhaps he saw that the important 
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tY\\ngltA* the dot structure notation since it was compatibjle 
with many theories o-f the atom. 

Thirdly, Science II depends heavily upon the power to 
' visualize, picture or model unknown re 1 a.t i onsh i ps . 

Creativity in Science II is much like creativ^ity in other 
•fields like art and 1 i terature because i <^<jp>^l 1 s -f or' the -free 
pl ay o-f the imaginsition di sc i pi i rted by -f ami 1 i ar i ty wi th 

accepted -facts. 

Finally we have seen that in both Science I and 
Science II it is abs5rnrtel y essent i al that scienti-fic inquiry 
be carried on in a community o-f investigators which has -free 
access to in-formation and which shares common judgments about 
the adequacy, the quality and si gn i -f i cance o-f new ideas. 
Both Langmuir and Lewis addressed the professional chemists 
o-f their, day. ~ These men were, perhaps, not as gi-fted or as 
creative but they knew that the Lewi s-Langmu i r work was a 
signi-ficant cont.r i but i on because they could apply it to 
additional problems. Great ide^ in science and elsewhere 
are always -fruit-ful. 
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DISCUSSION QUESTIONS 

1. J.J. Thomson, the great English physicist, had aq^early 
model for the atom where the electrons were embedded in a 
posit lge sea o+ charge<this is somet imes cal 1 ed the 
'^lum-pudding' model). What advantages do you see ^of* ^^^J 
1902 Lewis model +or explaining the exsistence o-f say carbon 

di ox i de CO 2 ? 

2. Discuss the role that Lewis's model had in his 

o+ the octet rule and electron pair bond. Is it likely that 
Lewis arrived at these observations -from the datad.e. the 
properties and structures o-f compounds) or did he use the 
cubical atom to -fit the data?" What advantages accrue +rom 
th*>act that the model was geometric and p i c torabl e? ^^hat 
pole does the -fact that Lewis was -forced to modi-fy the 
cubical atom to a tetrahedral one play in this discussipn? , 

3 List tjk special -features o-f the notation, systems that . 
Lewis developed. Remember he put ^^rth two systems; one +or 
the total valence electron count an\i the other using the dot 
notat i on . 

4. What role did Langmuir play in the development o-f the octet 
rule? 

5. How did Langmuir change the oct'et rule and the sliared pair 
b^n^ Ust t?. di^-ferences in Langmuir'^ presentation and 
that done by Lewi4 in 1916. List the simi 1 ar i t i es? Can it 
l^*-^id that Langmuir's views are the same as Lewis s in 
19169 Can it be said Langmuir's presentation o+ the octet 
rule and shared pair bond changed these concepts? 

6. Langmuir's model +or the nitrogen molecule is ' " ^^f^^if ' " 
Uhat things made him postulate ttxe structure f '".^'f^" 
9? Which o+ these things was the overriding +*^*^Mre that 
lead to the model? Did he primarily come +rom the data or 
were theoretical constraints the most important? 

7. Why should Lewis have become i rr i tated by Langmuir's work? 
I^o^her^words, what is there about scientific knowledge hat 
one should be concerned with whose ideas are. whose? Isn t 
the important fact that knowledge and new insights were 
gained? 

8. Compare Lewis's 1923 presentation with his 1916 one. Focus 
particularlly on the dot notation as given in Figure 10 and 
'^n the text describing the 1916 work. ^;;-*^^-n%Se"91 6 
taken place'' Do the 1923 -figures mean the same as the i yx 
representations? What happened to the the cubical atom? 
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9. Compare the presentation o+ the octet rule andjthe dot 
notation given in your textbook or assVnotes th both the 
1916 ideas o-f Lewis and the 1923 work. In what ways has the 
standardized textbook -fact remained the same and 'n what ways 
does it di^#er ^rom tt^e 1916 and 1923 ^orifis? Can it be said 
that the octet rule art d , the shared electron pair have ^ 
undergone change? 

10. How much of the history o-f the octet rule is gi^^en in your 
text? Is it important to know this hist.ory to use the octet 
rule and the dot notation? Why is this so? 

11. I-f Lewis had not published his 1923 book, do yoy thrnk 
your textbook'sUreatment.of the octet ru 1 e wou Id have -been 
di-f-ferent? Explain your answer ai\d in doing so thinK 
care-fully about Langmuir's role i n^ popu 1 ar i z i ng these 
concepts. ^ 
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